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Tuning and locking of hitless filter
The schematic of the considered silicon photonics filter is shown in Fig. 1a and a photo in Fig. 1b . The silicon channel waveguide is 490 nm wide and is buried in a silica cladding. The filter has 1 THz (8 nm) FSR, 40 GHz 3dB bandwidth, and 20 dB in-band isolation. Hitless operation is achieved by switching the MZ tuneable coupler connecting the filter to the line bus. This allows reaching a high degree of isolation during the filter tuning.
A MZ-based channel labeller is integrated on chip at the Add port allowing to distinguish the operating channel at the monitor in presence of other WDM channels. This labeler is typically operated at few kHz and provides an intensity modulation of few percent (< 8%) to the channel inserted in the Add port which can be extracted from the readout signal of the monitor. This label does not impair the system quality [4] . Sub-band gap transparent detectors (CLIPP) [1] are placed at the Drop port providing the feedback signal used by the control algorithms which are embedded in a FPGA that drives the five integrated heaters [4] .
Thermal cross-talk free tuning technique
Recently we proposed a novel technique, named Thermal Eigenmode Decomposition (TED) [3] , which can be adopted in generic control algorithms to cancel out the effects of thermal crosstalk for arbitrary PICs. TED technique requires all the actuators to be controlled simultaneously according to appropriate weights, which are chosen based on eigensolution of the thermally coupled system. Fig. 2(a) shows a top view microphotograph of a 3-ring based filter fabricated in silicon oxynitride (SiON) technology with individual heaters (details in [3] ). The output optical power is measured via an external photodiode and transmitted to a PC where a control algorithm defines the control signals to be applied to the actuators. Phase perturbations were intentionally introduced in every MRR of the SiON filter by applying random errors in the voltages driving the heaters around their optimum tuning point as large as 100 pm (12.5 GHz versus 6.5 GHz BW of the filter). A 5 Gbit/s OOK modulated signal (with carrier wavelength of 1565.470 nm) was used and the TED based tuning algorithm was targeted to minimize the output power at the Through port. Transfer function of converged filter for Through and Drop port is presented in Fig. 2(b) . To illustrate the improvement in tuning performance, TED based method was then compared to the individual tuning in terms of convergence ratio and speed. Fig. 2(d) , shows that in many cases sequential tuning of individual resonators did not converge to the target filter shape and a poor Through port isolation with deep oscillations was obtained. In contrast, the TED-based tuning did converge for all the considered initial cases in less than 40 iterations (see Fig. 2(c) ).
Automatic lookup table generation
A tuning algorithm based on the TED technique is adopted to control the tuneable optical signal source to automatically create a lookup table for the add/drop filter. The optical modulated signal (100 Gbit/s QPSK) is tuned at the relevant wavelength and an electronic board executes the tuning algorithm to find the parameters of the filter for that channel. This is repeated for every channel of the ITU grid and the look up table is created based on the performance requirements of the filter. A microscopic picture of the fabricated chip including the labelling MZ is presented in Fig. 1(b) . In [4] we demonstrate tuning and locking of such filter in presence of DWDM channels on the grid using TED based algorithm. Adopting this technique, ten different channels spaced by 100 GHz have been tuned in 1 THz range and the lookup table created. The transfer functions are shown in Fig. 1(c) . Thermal perturbations from the neighbouring filters (along their tuning process) can be accounted while tuning the filters to automatically find their fined tuned conditions and create the relevant look up table. Upon the need, these lookup tables can adapt themselves to new conditions of the chip automatically.
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